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ABSTRACT
A study was undertaken using the photoaffinity labeling agent,
tritiated 5-azidoindole-3-acetic acid ([3H],5-N31AA), to identify
cells in the etiolated maize (Zea mays L.) shoot which transport
auxin. Transport of [3H],5-N31AA was shown to be polar, inhibited
by 2,3,5-triiodobenzoic acid (TIBA) and essentially freely mobile.
There was no detectable radiodecomposition of [3H],5-N31AA
within tissue kept in darkness for 4 hours. Shoot tissue which
had taken up (3H],5-N31AA was irradiated with ultraviolet light to
covalently fix the photoaffinity labeling agent within cells that
contained it at the time of photolysis. Subsequent microautora-
diography showed that all cells contained radioactivity; however,
the amount of radioactivity varied among different cell types.
Epidermal cells contained the most radioactivity per area, ap-
proximately twofold more than other cells. Parenchyma cells in
the mature stelar region contained the next largest amount and
cortical cells, sieve tube cells, tracheary cells, and all cells in the
leaf base contained the least amount of the radioactive label.
Two observations suggest that the auxin within the epidermal
cells is transported in a polar manner: (a) the amount of auxin in
the epidermal cells is greatly reduced in the presence of TIBA,
and (b) auxin accumulates on the apical side of a wound in the
epidermis and is absent on the basal side. While these results
indicate that auxin in the epidermis is polarly transported, this
tissue cannot be the only pathway since the epidermis is only a
small fraction of the shoot volume. The greater than twofold
difference between the concentration of auxin in the epidermal
and subtending cells demonstrates that physiological differences
in the concentration of auxin can occur between adjacent cells.
Nearly all plant cells are functionally polar throughout their
development and most tissues retain this polarity after exci-
sion from the plant. One manifestation of this polarity is the
basipetally directed transport of IAA, particularly in the shoot
tissue, and the process of polar IAA transport and mainte-
nance and memory of cell polarity are causally linked (8, 29,
32). This process is unique in nature. It is the crux of models
describing mechanisms ofdeetiolation (26), wound-associated
differentiation (1, 32), phototropism (4), and pattern forma-
tion (2) to mention only a few.
Recent advances have been made regarding the molecular
mechanism of polar IAA transport. The current model (10,
30) favored by most researchers is that protonated IAA crosses
the plasma membrane and accumulates within the more
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alkaline cytoplasm in anionic form. Accumulated IAA anion
leaves the cell via efflux carriers that are preferentially located
at the basipetal side of the cell. As this process is repeated
over many cells, the result is a highly polarized process of
IAA transport which occurs at a velocity of 10 to 20 mm/h.
It is believed that TIBA2 and NPA inhibit polar IAA transport
at the efflux carrier (31). In large part, the model is being
tested by in vitro systems comprised of vesicles prepared from
dicots (13), but it probably holds true for monocots such as
maize as well (14, 20). The model has recently been tested in
intact plants (16).
While the overall parameters of polar auxin transport are
characterized in stem tissue, we have relatively little infor-
mation on the identity of the cell type or types which actually
carry out polar transport. For pea, Jacobs and Gilbert (15),
proposed that the pathway was primarily along flanks of cells
located in the part of the cortex found peripheral to the
vascular tissue. This proposal was based upon the observation
that monoclonal antibodies directed against the NPA-binding
site appeared to recognize these flanks of cells. Hertel and
Leopold (12) studied the maize coleoptile and found that
coleoptiles with the vascular strands removed transported IAA
42% less than intact coleoptiles. Approximately half of the
IAA moving in the nonvascular tissue could be inhibited by
TIBA. Since the vascular strands occupy relatively little vol-
ume of the coleoptile, their data suggest that cells of the
vascular bundles are active in auxin transport.
Microautoradiography has been utilized to examine the
location of exogenously applied [3H],IAA mostly in buds of
green tomato (6, 7), broad bean (3), and pea (25), but there is
some work on the coleoptile of etiolated wheat (27, 28), the
epicotyl of etiolated bean (34), and green sunflower stems
(33). The meristematic cells of tomato buds contained the
largest amount of radioactivity and this was located primarily
within the cytoplasm vs. the nucleus, vacuole, or cell wall (6).
In contrast, it was shown that pea buds contained radioactivity
in the cambium and xylem but not in the phloem (25). This
approach was extended to wheat coleoptiles and it was shown
that the inner and outer epidermis of wheat coleoptiles con-
tained the highest amount of [3H],IAA and that the level
decreased basipetally along this organ (27, 28). Whitehouse
and Zalik (34) concluded that the epidermis and cambial
region of etiolated bean epicotyls contained [3H],IAA and
Wangerman (33) reported microautoradiographs ofsunflower
stem tissue containing radioactivity largely in the phloem
2Abbreviations: TIBA, 2,3,5-triiodobenzoic acid; NPA, l-naph-
thylphthalamic acid; [3H],5-N3IAA, 5-azidoindole-3-acetic acid.
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tissue but also some in the epidermis. A serious criticism of
all the previous work is that nonradioactive control sections
were not exposed to the film emulsion, therefore one cannot
say with certainty that the observed silver deposition repre-
sents radioactivity.
I have examined the problem of the polar auxin pathway
using a newly developed technique involving photoaffinity
labeling. In this technique, [3H],5-N3IAA, an analog of IAA,
is photolytically fixed in situ. Covalent fixation facilitates the
identification of cells containing the labeling reagent at the
time ofUV irradiation by microautoradiography. The maize
mesocotyl was chosen for these studies because there are data
suggesting that the flux and/or pool size of free auxin in the
mesocotyl may control the growth rate of this tissue. Further-
more, it has been shown that light and gravity can modulate
the auxin pool size, flux, and/or distribution, thus providing
noninvasive means to test the results reported here in future
studies.
MATERIALS AND METHODS
Plant Materials and Chemicals
Maize (Zea mays L.) caryopses (B73xMo 17, Jacques Seed
Co., Prescott, WI) were soaked in water then sown on wetted
vermiculite and grown in darkness at 26°C. Seedlings were
harvested after 31/2 d and 5-cm segments of shoot tissue were
excised from 1 cm above to 4 cm below the coleoptilar node.
[3H],5-N3-IAA (16 Ci/mmol) was prepared as described by
Melhado et al. (23). The radiopurity was 80%. 2,3,5-Triio-
dobenzoic acid was purchased from Kodak (Rochester, NY).
All other chemicals were obtained from Sigma Chemical Co.
(St. Louis, MO) and used without further purification.
Auxin Transport, Photolysis, and Microautoradiography
All manipulations with shoot tissue up to the photolysis
step or liquid scintillation were performed under dim green
light (51 1 nm peak transmission, 40-nm half-bandwidth, 100
nmol/m2). Excised segments of shoot tissue (5 cm) were
placed either apical end down or up in a 20-mL glass scintil-
lation vial containing a thin film (250 gL) of either 2.4 nm or
2 ,M N3IAA in buffer (5 mm potassium phosphate [pH 6], 30
mm sucrose). These concentrations of [3H],5-N3IAA are sub-
optimal for growth (22). Vials were capped to minimize
evaporation. In some experiments, 10 ,M TIBA was included
in the transport buffer. At the indicated times, tissue was
removed and thoroughly rinsed with water. For the kinetic
analyses, the basal 3-cm of the segment was excised at the
indicated times and placed in a scintillation vial containing a
toluene based scintillant for 15 h in the dark. Radioactivity
was measured by liquid scintillation. For the localization
studies, the rinsed tissue was photolyzed as described below
then the apical 1.5 cm of the mesocotyl including the node
was excised and fixed in FAA buffer (63% ethanol, 5% glacial
acetic acid, 5% formaldehyde). In experiments where it was
necessary to mark the position of a wound, a mark was made
at the appropriate side of the mesocotyl 1.5 cm below the
node. This mark was visible in the sectioned tissue. Fixed
tissue was dehydrated with an ethanol series then embedded
in paraffin and sectioned at a thickness of 10 ,um. Rehydrated
sections on glass slides were dipped in undiluted NBT-3 film
emulsion (Kodak, Rochester, NY) and stored at 4°C for 3
weeks before developing. Slides were examined by brightfield
and differential interference contrast microscopy using a Zeiss
microscope.
Photolysis was performed by placing the shoot tissue on a
glass plate held for 10 min between 2 UV sources mounted
in opposition, 15 cm apart. The top and bottom UV sources
were a Spectronics XX-1 SF (254 nm) and XX-1 SB (300 nm),
respectively. During the 10 min UV irradiation, the shoot
tissue was turned frequently except in the experiment where
shoot tissue was halved longitudinally (Fig. 4). In this experi-
ment the cut edge was facing up and only the top UV source
was used. Photolysis induced permanent fixation of at least
31% of the radioactivity within the tissue. This was deter-
mined by comparing photolyzed tissues containing [3H],5-
N3IAA that had either been first extensively washed with FAA
buffer or had not been washed and then digested overnight
with NCS tissue solubilizer (Amersham, Arlington Hts., IL).
It was assumed that the fixation efficiency was the same for
all cell types.
The stability of [3H],5-N3IAA in vivo was determined by
comparing the methanol extraction oftissue which had taken
up [3H],5-N3IAA for 4 h with authentic [3H],5-N3IAA. The
concentration of [3H],5-N3IAA was 2 ,uM, the same as used
for the microautoradiography experiments. Methanolic ex-
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Figure 1. Polar transport of [3H],5-N31AA in etiolated maize shoots.
A 5-cm segment of the shoot was excised from 3-d-old etiolated
maize seedlings. The excisions were made 1 cm above and 4 cm
below the coleoptilar node. Segments were placed either with the
apical end down (U, A) or up (0) in a capped scintillation vial containing
250 AL of [3H],5-N31AA (2.4 nM). One treatment also included 10 AM
2,3,5-triiodobenzoic acid (A). At the indicated times, three segments
from each treatment were rinsed with water and the 2-cm section
distal to the radioactive solution was excised, and the radioactivity
within was determined by liquid scintillation.
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Figure 2. Radiostability of [3H],5-N31AA during transport in etiolated
maize shoots. Segments (5 cm) of etiolated shoots were placed
apical end down into 2 AM [3H],5-N31AA for 4 h. Radioactivity was
extracted with methanol and chromatographed isocratically with 50%
methanol on a Phenomenex (Ranchos Palos Verdes, CA) C18 reverse
phase column. The flow rate was 1 mL/min and half-mL fractions
were collected and counted by liquid scintillation. The elution profile
of methanol extracted tissue (0) is compared to authentic [3H],5-
N31AA (@).
Palos, CA) C18 reverse phase column using 50% methanol
(v/v) as the mobile phase. Authentic [3H],5-N3IAA was added
to the methanol extract and rechromatographed.
RESULTS
Validation of N31AA as a Reagent to Study Polar Auxin
Transport
The kinetics oftransport of[3H],5-N3IAA in etiolated maize
shoot sections is shown in Figure 1. Basipetal transport is 10-
fold greater than the acropetal movement under these condi-
tions. The amount of time [3H],5-N3IAA required to travel
1.5 or 2 cm (1 cm coleoptile plus 0.5 cm or 1 cm mesocotyl)
was estimated by the x intercept method. The average trans-
port velocity determined from 6 trials was 1.1 ± 0.05 cm/h.
2,3,5-Triiodobenzoic acid substantially inhibits the basipetal
transport. The stability of [3H],5-N3IAA during transport was
determined by reverse phase HPLC of methanol extracts of
tissue which had taken up the photolabeling agent for 4 h
(Fig. 2). Radioactivity of the extracts comigrated almost en-
tirely with the radioactivity of authentic [3H],5-N3IAA, thus
over the time course of these experiments, there was little or
no modification of methanol extractable [3H],5-N3IAA.
How much of the observed radioactivity is mobile? This
question was addressed by monitoring the movement of a
pulse through the apical 5-mm section of the mesocotyl. The
pulse moved at a velocity of 12.5 mm/h (Fig. 3), approxi-
mately the same velocity determined by the x intercept
method (Fig. 1) and is consistent with the velocity reported
by others (9, 11). One h after the pulse was in the 5-mm
mesocotyl apical section, the radioactivity returned to one-
third the maximum (Fig. 3). This results indicates that two-
thirds of the [3H],5-N3IAA moving into a cell left within 1 h.
Identification of Tissues Containing [3HJ,5-N31AA
Figure 4 illustrates longitudinal sections of etiolated shoot
tissue subjected to microautoradiography. The left panel is
from tissue which had taken up the [3H],5-N31AA for 4 h
then photolyzed with UV to covalently fix the radioactivity
within the cells containing [3H],5-N3IAA at the time of pho-
tolysis. The right panel is the 'mock-irradiated' control. Silver
deposition is observed above nearly all cells of the irradiated
tissue indicating that most cells contain [3H],5-N3IAA. How-
ever, cells of the epidermis contain substantially more radio-
activity than any other cell types. The secondary cell walls of
xylem members appeared to have incorporated the radioac-
tive label but this is also observed in the control suggesting
that this apparent labeling is artifactual. Cells in the stele are
photolabeled with [3H],5-N3IAA such that the stele can be
readily distinguished from the cortex in the unstained sec-
tions. The lack of radioactivity observed in the control sec-
tions demonstrates that tissue fixation by FAA buffer does
not fix [3H],5-N3IAA.
Photolabeling of the Epidermis is not a Photolytic Artifact
The following experiment was performed to test the possi-
bility that the epidermis was preferentially photolabeled be-
cause the UV light was absorbed predominantly by the outer
cell layer. Tissue, allowed to take up [3H],5-N3IAA as before,
was cut longitudinally in half then irradiated through the cut
surface, thus effectively irradiating the tissue from the inside
out. Figure 5 illustrates a cross-sectional view of mesocotyl
treated in this way. Note that the epidermis and internal
tissues are labeled to about the same degree as the undissected
tissue. Equally important, cells at the cut surface are labeled
only to a slightly greater degree than the same cells in an
uncut shoot. These observations, taken together with the
observation that internal cells within the vascular system are
photolabeled (Fig. 4), indicate that the labeling pattern is not
an artifact produced by the direction of the UV light source.
Furthermore, the results indicate that UV attenuation by the
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Figure 3. Movement of a pulse of [3H],5-N31AA through the apical 5
mm section of maize mesocotyl. Shoot tissue transported [3H],5-
N31AA applied as a 10 min pulse as described in 'Materials and
Methods." At the indicated times after the applied pulse, the apical
5-mm section of the mesocotyl was excised, digested with tissue
solubilizer, and the radioactivity within was determined by liquid




;,-7 t sarmic oscopy was used. The density of radioactive label is
highest in the epidermal cell. This is shown in high magnifi-
cation views of longitudinal (Fig. 6) and cross-sections (Fig.
7) of the mesocotyl, and cross-section of the coleoptile near
the node (Fig. 8). Note that the young unrolled leafcompletely
lacks radioactivity even in its epidermis (Figs. 4 and 8).
Phloem elements (Fig. 7) also contain relatively less radioac-
tivity but the surrounding parenchyma contain a large
v ~~amount of the radioactive label. A closer examination of the
epidermis exposed to the film emulsion for a shorter time,
confirms that the epidermal cells are heavily photolabeled
and that the radioactivity is in the cytoplasm and cuticle with
little in the cell wall. Epidermal cells contain twofold more
silver grains per lim2 than the adjacent cells of the cortex (see
also Fig. 10).
Chemoradiography controls were performed to determine
if silver deposition was inhibited anywhere within a section.
Sectioned tissue overlayed with film emulsion was exposed to
a brief pulse of light then processed. In the absence of any
chemoradiographic reactions, the sectioned material would
appear evenly black. Upon examination by brightfield mi-
croscopy it was found that the outer epidermal cell wall was
white, cells within the stele were gray, and the cortex was
black.
~~~~~~~~~~~~~~~~~~~~~~~~~ot [3_
Epidermal Cells Polarly Transport [3H],5-N31AA
An inherent problem in interpreting the micrographs is that
they do not provide insight into the dynamics of auxin
Figure 4. Microautoradiography of maize tissue, containing photo-
lytically fixed [3H],5-N31AA, transported [3H],5-N31AA for 4 h as de-
scribed in "Materials and Methods," then irradiated with UV for 10
min (left panel) to covalently fix [3H],5-N31AA within cells which con-
tained it at the time of photolysis. The region of the etiolated shoot
from approximately 1 mm above to 10 mm below the coleoptilar node
was subjected to microautoradiography. The tissue in the right panel
was not irradiated but was otherwise treated the same. The bar =
approximately 200 Am.
reduction does not occur without radioactivity, that covalent
fixation of [3H],5-N3IAA does not occur without light, and
that the UV light can penetrate the tissue, one can conclude
that net silver reduction throughout a single section is only a
function of the amount of [3H],5-N3IAA within the cells at
the time of photolysis minus the amount of silver deposition
prevented by local chemoradiographic reactions. The latter
problem of chemoradiography is discussed further below. s'4'
Specific Cells Contain [3H],5-N31AA
Differential contrast microscopy revealed that the fixation Figure 5. Microautoradiography of maize tissue, containing photo-method preserves fine subcellular structure. Nuclei and organ- lytically fixed [3H],5-N31AA, treated the same as the tissue shown in
elles were visible. However, DIC microscopy was not ideal for Figure 4 except for the irradiation configuration. Before photolysis,
showing both cell structure together with the overlaying silver the tissue was cut longitudinally and irradiated only through the cut
grains in a single optical plane. For this reason, brightfield surface. The bar = approximately 100 Mm.
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the cuticle is a photolytic artifact due to a high concentration
of sites available for nucleophilic attack by the generated
nitrene.
Tissue was allowed to take up [3H],5-N3IAA in the presence
of TIBA, an inhibitor of polar auxin efflux. The radioactivity
in the epidermis was greatly reduced by TIBA (Fig. 10)
indicating that the epidermal cells are transporting [3H],5-
N3IAA in a polar and TIBA-sensitive manner. From exami-
nation of many sections of TIBA-treated tissues, it appeared
that the cortical tissue was less effected than the epidermis
suggesting that transport in cortical cells is less sensitive to
TIBA.
DISCUSSION
Azidoindole-3-acetic acid was transported polarly in maize
shoot tissue at a velocity which was within the range reported
for IAA in excised tissue (9, 1 1). This auxin analog, at the
Figure 6. Microautoradiography of longitudinal section of maize me-
socotyl containing photolytically fixed [3H],5-N31AA. Shoot tissue po-
larly transported [3H],5-N31AA for 4 h and was then irradiated with
UV to covalently fix the labeling reagent. The micrograph illustrates a
region of the mesocotyl approximately 2 to 5 mm below the coleoptilar
node. The lower panel is the 'mock irradiation' control. The bar = 50
JIm.
movement; they reveal where the radioactivity is at a point in
time but nothing about the mobility or the direction of
movement. For example, is the radioactivity in the epidermis
moving in a polar fashion? Two experiments were performed
to distinguish between two possibilities: (a) the epidermal
cells, which contain the radioactive label, have polarly trans-
ported it or, (b) auxin is polarly transported only in internal
cells but moves laterally to the epidermis where it is metabo-
lized, stored and/or utilized. The latter implies that the epi-
dermis acts as an auxin sink but does not polarly transport
auxin.
Tissue was nicked 5 mm below the node with a razor in
order to examine the distribution of radioactive label around
a wound. Ifthe primary pathway of polarly transported auxin
was internal then one would expect no significant difference
in the amount of the incorporated label in the epidermis
above versus below the wound. On the other hand, if the
epidermis transports auxin basipetally then radioactivity
should be much greater in the epidermis above the wound
than below the wound. The latter prediction was observed
(Fig. 9). Epidermal cells above the wound were heavily labeled
whereas the cells below it were clear. Furthermore, the auxin
appears to accumulate above the wound site, suggesting that
an auxin pathway was disrupted by the wound. Also, this
result eliminates the trivial possibility that photolabeling of
Figure 7. Microautoradiography of transverse section of maize me-
socotyl containing photolytically fixed [3H],5-N31AA. Shoot tissue po-
larly transported [3H],5-N31AA for 4 h and was then irradiated with
UV to covalently fix the labeling reagent. The micrograph illustrates a
region of the mesocotyl approximately 2 to 5 mm below the coleoptilar




internal pathways for auxin movement are also possible and
significant.
The photolytic reaction occurred at all positions in the
tissue and labeling did not occur without light; however,
chemoradiography controls demonstrated that silver deposi-
tion was inhibited in the outer wall of the epidermal cell and
in cells of the stele. Therefore, the amount of silver grains in
the epidermis and stele (Figs. 4 and 7) is taken as a minimum
estimate of [3H],5-N3IAA in these two tissues. Thus, the
twofold difference in the number of silver grains per square
micrometer in the epidermis versus the subtending layers is
also a minimum estimate.
The results of two different experiments support the con-
clusion that the epidermal cells transport [3H],5-N3IAA in a
polar fashion. When the basipetally moving front reached a
barrier imposed by a nick only 2 to 10 cells deep, the epidermis
below this nick was completely free of [3H],5-N3IAA. This
result suggests that the epidermis is a pathway for polar auxin
movement in maize mesocotyl. These results do not preclude
the possibility that polar transport occurs also in the cortex
and/or vascular tissues. Indeed, these results of heavy photo-
Figure 8. Microautoradiography of transverse section of maize co-
leoptile near the node containing photolytically fixed [3H],5-N31AA.
Shoot tissue polarly transported [3H],5-N31AA for 4 h and was then
irradiated with UV to covalently fix the labeling reagent. The micro-
graph illustrates a region of the coleoptile 1 mm or less above the
coleoptilar node. The lower panel is the 'mock irradiation' control.
The bar = 50 ym.
concentration used for the autoradiography experiments, was
not significantly degraded or metabolized during the 4 h
uptake period of these experiments. Transport of [3H],5-
N3IAA was inhibited by TIBA, an inhibitor of auxin efflux.
Furthermore, [3H],5-N3IAA competes with IAA for uptake
into zucchini vesicles (19). Thus, for several reasons, it is
concluded that [3H],5-N3IAA can be used as a reagent to
study the auxin pathway and transport mechanism.
Photolabeling experiments showed that [3H],5-N3IAA was
present in every cell although at different levels. The highest
concentration of [3H],5-N3IAA was in the coleoptile and
mesocotyl epidermis. The inner epidermis of the coleoptile at
the leaf base was not heavily labeled. Cells subtending the
epidermis and parenchymatous cells in the stele contain the
next highest amount. Cells of the cortical, phloem, and leaf
tissues contained the lowest amounts. Despite the differences
in the degree of labeling among different cell types, it should
be stressed that auxin was found in all cells. This is important
because it indicates that auxin is available to all cells and that
Figure 9. Microautoradiography of maize mesocotyl around a wound
containing photolytically fixed [3H],5-N31AA. Shoot tissue was treated
as described in Figure 4 except that a wound was made in the
epidermis 5 mm below the coleoptilar node by nicking the tissue with
a razor before transport of [3H],5-N31AA. The micrograph shows a
longitudinal section at the wound. The bar = 100 Am.
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Figure 10. Effect of TIBA on the distribution of [3H],5-N31AA in maize
mesocotyl. Shoot tissue was treated as described in Figure 4 except
that 10 Mm TIBA was included in the buffer containing [3H],5-N31AA.
Tissue was sectioned as described in "Materials and Methods" and
subjected to microautoradiography. The number of grains were
counted for the epidermal and three subtending cells and expressed
as the mean value of silver grains per VMm2. The number of grains per
,im2 for cells in tissue transporting [3H],5-N31AA in the presence (solid
bar) and absence (open bars) of TIBA are compared at the level of
the epidermis, the first (+1), second (+2), and third subtending cells.
The control values are taken from Figure 6. Two separate areas from
control and TIBA-treated tissue were used for quantitation. The
maximum standard error was 0.05 grains/Mim.2
labeling in xylem parenchyma cells taken together with the
results of Hertel and Leopold (12) discussed before suggest
that the vascular tissue also transports auxin in a polar fashion.
Furthermore, the epidermis occupies a small volume of the
shoot and therefore cannot be the only pathway for polar
auxin transport.
2,3,5-Triiodobenzoic acid reduces the epidermal pool of
[3H],5-N3IAA with no effect on the cortical pool. Again, this
observation supports the hypothesis that polar transport oc-
curs in the epidermis. In addition, it raises the question of
which cells are TIBA sensitive. Furthermore, the TIBA results
preclude the trivial possibility that the location of [3H],5-
N3IAA in the epidermis was due to capillary movement along
the cuticle.
There is evidence that auxin-induced growth in etiolated
shoots is controlled by the growth of the epidermis (5, 17,
18). Auxin-target cells of the epidermis restrain the expansion
of internal cells at suboptimal auxin concentrations and re-
lease this constraint at optimal concentrations of auxin. In
the case of differential growth, local constraint and strain
release is thought to occur by an induced redistribution of the
hormone. This work demonstrated that hormone concentra-
tion differences can occur between the epidermal and sub-
tending cortical cell thus supporting the hypothesis that redis-
tribution of auxin which leads to assymetrical growth may
only need to occur between these two adjacent cells. The
observed difference in the hormone concentration between
the epidermis and cortex is well within the range necessary to
obtain differential growth (24). This difference between two
adjacent cell types may be important in growth control,
particularly if adjacent cell types have different sensitivity to
auxin (21). Regardless of the overall contribution the epider-
mal pathway makes to total auxin transport in shoots, this
pathway must be important since it is within the cells which
probably control growth of the entire organ.
The method developed here makes it possible to address
where auxins are located and travel in tissue. This method
should be useful to directly quantitate the redistribution of
auxin at the cell level as a response to factors such as gravity,
light, and to determine where auxin is located throughout
morphogenesis.
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